Background Gallbladder disease is common and, if managed incorrectly, can lead to high rates of morbidity, mortality, and extraneous costs. The most common complications of gallstones include biliary colic, acute cholecystitis, common bile duct stones, and gallstone pancreatitis. Ultrasound is the initial imaging modality of choice. Additional diagnostic and therapeutic studies including computed tomography, magnetic resonance imaging, magnetic resonance cholangiopancreatography, endoscopic ultrasound, and endoscopic retrograde cholangiopancreatography are not routinely required but may play a role in specific situations. Discussion Biliary colic and acute cholecystitis are best treated with early laparoscopic cholecystectomy. Patients with common bile duct stones should be managed with cholecystectomy, either after or concurrent with endoscopic or surgical relief of obstruction and clearance of stones from the bile duct. Mild gallstone pancreatitis should be treated with cholecystectomy during the initial hospitalization to prevent recurrence. Emerging techniques for cholecystectomy include single-incision laparoscopic surgery and natural orifice transluminal endoscopic surgery. Early results in highly selected patients demonstrate the safety of these techniques. The management of complications of the gallbladder should be timely and evidence-based, and choice of procedures, particularly for common bile duct stones, is largely influenced by facility and surgeon factors.
Introduction
Gallstone disease is the most costly digestive disease in the USA, with an estimated annual cost of $5 billion.
1,2 Approximately 20 million people in the USA have gallstones, leading to over one million hospitalizations and 700,000 operative procedures per year. [1] [2] [3] Gallstones are present in approximately 6.5 % of men and 10.5 % of women. 3, 4 The prevalence of gallstones increases with age. By age 70, 15 % of men and 24 % of women have gallstones, with these numbers increasing to 24 and 35 %, respectively, by the age of 90 ( Fig. 1 ). [4] [5] [6] O v e r 7 0 % o f p a t i e n t s w i t h g a l l s t o n e s a r e asymptomatic. 3, 4, [7] [8] [9] The risk of developing symptoms or complications related to gallstones is approximately 1-4 % per year. 7, 8 The most common complications of gallstone disease are biliary colic, acute cholecystitis, common bile duct stones, and gallstone pancreatitis. Less common complications include empyema of the gallbladder, liver abscess, gallbladder perforation with bile peritonitis, cholangitis, cholecystoenteric fistula, and gallstone ileus.
Biliary colic occurs when the gallbladder contracts against a stone which is transiently obstructing the cystic duct. 3 Patients with biliary colic complain of sharp, intermittent, cramping right upper quadrant pain, pain radiating to the right shoulder, nausea, and vomiting. The pain occurs most commonly after a fatty meal and may last for several hours.
complain of unresolving right upper quadrant pain, nausea, vomiting, anorexia, and fever. Leukocytosis is common, 3, 10, 11 while alkaline phosphatase and bilirubin are typically normal. 3, [12] [13] [14] Elevated liver function tests (LFTs) are associated with worse outcomes in patients with acute cholecystitis. 15 Kimura et al., in a large review of the literature, report mortality and complication rates of acute cholecystitis ranging 0-10 and 7-26 %, respectively. 3, 16 Perforation of the gallbladder occurs in 5-10 % of cases of acute cholecystitis. 3, 17 Perforation is caused by necrosis of an ischemic area of the wall of the gallbladder and is associated with a high mortality rate. 18 Common bile duct (CBD) stones (choledocholithiasis) are identified in approximately 10 % of patients with cholelithiasis and 5-18 % of patients undergoing elective cholecystectomy. 3, 14, [19] [20] [21] Associated signs include jaundice, acholic stools, and dark urine. 3, 14 Patients with common bile duct stones can present with acute cholangitis, manifested by fever, jaundice, and right upper quadrant pain. Acute cholangitis is a surgical emergency and prompt biliary decompression is necessary.
Gallstones are one of the leading causes of acute pancreatitis and may be the first manifestation of gallstone disease in up to 40 % of patients with gallstones. 12, 13, 22 Patients with gallstone pancreatitis present with epigastric abdominal pain, nausea, and vomiting, and may or may not have a history of previous gallbladder-related symptoms. Severe pancreatitis occurs in approximately 10-25 % of patients with gallstone pancreatitis. 12, 13, 23 In patients fit for surgery, cholecystectomy, either laparoscopic or open, is the only definitive treatment for gallstones. When cholecystectomy is not performed, recurrence of gallstone-related symptoms, complications, readmissions, and death can occur. 7, [23] [24] [25] [26] [27] [28] [29] [30] [31] Dietary modification and medical therapy for symptomatic gallstones, endoscopic treatment of common bile duct stones and gallstone pancreatitis, and percutaneous gallbladder drainage for acute cholecystitis are alternative measures in patients who are not fit for surgery. These measures decrease but do not eliminate recurrence of gallstone-related complications.
The goal of this paper is to review the evidence-based management of complicated gallstone disease, specifically focusing on controversies in management and advances in surgical technique. The discussion of the symptoms, imaging, and laboratory manifestations of gallbladder disease will be limited. Table 1 portrays the recommended imaging and subsequent management for diseases of the gallbladder.
Diagnostic Imaging

Right Upper Quadrant Ultrasound
Right upper quadrant ultrasound is the imaging modality of choice for suspected gallbladder disease due to low cost, availability, and lack of radiation exposure. 32 Sonographically, gallstones appear as hyperechoic, mobile structures with acoustic shadowing (Fig. 2) . Ultrasound has a sensitivity and specificity greater than 95 % in the detection of gallstones. 1, 3, 8, 33, 34 Ultrasound can identify gallbladder wall thickening (>4-5 mm; Fig. 2 ) and edema (double-wall sign), gallbladder sludge, pericholecystic fluid, and a sonographic Murphy's sign, consistent with acute cholecystitis. 3, 15, 35, 36 When these signs are present, the positive predictive value of ultrasound in the diagnosis of acute cholecystitis is >90 % and additional studies are rarely needed. 36 Dilatation of the common bile duct (>8 mm) and gallstones on ultrasound with associated jaundice and abnormal LFTs are indicative of choledocholithiasis. 3, 14 While large common bile duct stones can be identified, small stones may be difficult to visualize sonographically. If suspected clinically, additional imaging such as magnetic resonance cholangiopancreatography (MRCP), endoscopic retrograde cholangiopancreatography (ERCP), or intraoperative cholangiography (IOC) should be obtained to diagnose and treat choledocholithiasis, gallstone pancreatitis, or cholangitis. 8, 12, 13, 37 Computed Tomography Ultrasound is preferred over computed tomography (CT) scanning in the diagnosis of suspected gallbladder disease as greater than 60 % of gallstones are not radiopaque. 32, 36, 38 Similarly, CT has been shown to be less sensitive and specific in the diagnosis of cholecystitis. 32, 34, 39 
Age Group
Men Women Fig. 1 Prevalence of gallstones by age and gender CT scanning is currently recommended when diagnostic uncertainty exists and the physician suspects other intraabdominal pathology. 39 Despite these recommendations, a recent single-institution study demonstrated that 46 % of patients presenting with acute gallbladder disease underwent CT scanning, with 25 % of patients undergoing both ultrasound and CT. 33 Patients who were older, male, and who had an elevated WBC were more likely to undergo CT. In 34.3 % of patients undergoing CT, the history was consistent with gallstone disease and there was no clear indication for scanning. Most concerning was that patients imaged between 7 pm and 7 am were over four times more likely to undergo CT scanning, suggesting that the availability of ultrasound and/or CT scanning and not patient and disease characteristics were driving overuse. 33 Given the ready availability of CT scans, this problem is likely more widespread and should be studied at the population level.
Magnetic Resonance Imaging and Magnetic Resonance Cholangiopancreatography
Magnetic resonance imaging and MRCP are useful in identifying CBD stones and delineating pancreatic and biliary tract anatomy (Fig. 3) . MRCP can be useful in the evaluation of a pregnant patient with right upper quadrant pain. 36 CBD stones, if identified on MRCP, cannot be removed, necessitating additional therapeutic procedures such as ERCP or common bile duct exploration. Conversely, if MRCP is negative, the complications associated with these more invasive procedures can be avoided. The cost of MRCP should limit its use in the diagnosis of gallstones and acute cholecystitis. 1, 3, 8, 14, 34, 37, 40, 41 Endoscopic Retrograde Cholangiopancreatography ERCP is considered the gold standard in the detection of common bile duct stones, with a sensitivity and specificity approaching 95 %, 3, 14, 34, 37 and has the advantage of being both diagnostic and therapeutic for the removal of CBD stones. ERCP is also useful in clarifying biliary anatomy when unclear. However, ERCP is not without associated risks. The overall complication rate for ERCP ranges from 0.8 to 11.1 %, although therapeutic ERCP is associated with a higher complication rate compared to diagnostic ERCP. [42] [43] [44] [45] ERCP-induced pancreatitis occurs in 0.2-5.2 % of procedures and is typically mild or moderate. [43] [44] [45] Hemorrhage (0.2-1.9 %), perforation (0.2-1.0 %), and cholangitis (0.1-2.1 %) are less commonly encountered. [43] [44] [45] Increasing age, sphincterotomy technique, failure to clear the bile duct, and obstruction of the ampulla of Vater have been associated with an increased risk of ERCP-induced complications. 43 ERCP-related mortality rates range from 0.1 to 3.3 %, 42, 44, 45 and age greater than 60 years has been associated with increased risk of ERCP-related death. 45 The role and timing of ERCP in the management of known or suspected CBD stones is discussed in detail below.
Endoscopic Ultrasound
Due to its high-frequency resolution, endoscopic ultrasound (EUS) can detect small gallstones and common bile duct stones. 1, 8, 14, 40 In a large review, O'Neill et al. report a sensitivity of EUS of greater than 96 % for identification of both occult cholelithiasis and choledocholithiasis, higher than that of both transabdominal ultrasound and CT. 40 In addition, EUS and ERCP have been shown to have equivalent sensitivity and specificity in the detection of common bile duct stones. 40 In patients with low or intermediate probability of common duct stones, EUS is recommended as the initial test, reserving ERCP for patients with known or high probability of common duct stones and who would likely require intervention for stone removal. 37, 40 Hepatobiliary Iminodiacetic Acid Scan Hepatobiliary iminodiacetic acid (HIDA) scanning is used for the diagnosis of acute cholecystitis, chronic cholecystitis, acalculous cholecystitis, and biliary dyskinesia. After administration of cholecystokinin (CCK), nonvisualization of the gallbladder on HIDA scan is consistent with acute cholecystitis, while visualization of the gallbladder virtually excludes the diagnosis. 36 Morphine injection during HIDA scan may distinguish between chronic cholecystitis (visualization within 20-30 min of injection) and acute cholecystitis (persistent nonvisualization after injection). 36 The "rim sign," caused by increased pericholecystic hepatic uptake of radioactive tracer, is indicative of gangrenous cholecystitis. 36 After CCK injection, a gallbladder ejection fraction of less than 40 % and reproduction of abdominal pain support the diagnosis of biliary dyskinesia. 32, 46, 47 Keeping this in mind, HIDA scanning is not the primary modality used in the diagnosis of acute calculous cholecystitis and should be reserved for cases in which the diagnosis is unclear or cholecystitis is being ruled out.
3,36,47-49 HIDA scan is indicated when gallstones are not seen on ultrasound and the clinical picture is consistent with cholecystitis. In this scenario, nonvisualization of the gallbladder, with or without morphine injection, is consistent with acalculous cholecystitis.
32,50-52
Accumulation of radioactive tracer in the gallbladder fossa may occur with gallbladder perforation. 50 However, bile stasis, poor gallbladder contractility, analgesics, or hepatocellular disease may result in a false-positive HIDA scan, making this modality less helpful in critically ill patients.
3,36,51
Controversies in Management
Management of Asymptomatic Gallstones
Because of the increase in the use of imaging for various disease processes, the identification of asymptomatic gallstones is becoming more common. The majority of patients with asymptomatic gallstones will remain asymptomatic, with only 2-4 % of patients developing symptoms annually. 1, 9, 53 The complication rate (acute cholecystitis, choledocholithiasis, gallstone pancreatitis) in asymptomatic patients ranges from 0.7 to 3 % per year. 1, 7, 9 Given the lowincidence of symptoms and complications in patients with incidentally identified asymptomatic gallstones, prophylactic cholecystectomy is not currently recommended. 1, 7, 9 There are several situations in which cholecystectomy for asymptomatic gallstones should be considered. Patients with porcelain gallbladder and those with gallstones greater than 3 cm in size are at increased risk for cancer and should undergo cholecystectomy. Prophylactic cholecystectomy has also been advocated in patients with asymptomatic gallstones prior to organ transplant, most commonly heart transplant candidates, due to high rates of symptomatic gallstones and operative morbidity and mortality post-transplant. 54, 55 Pretransplant laparoscopic cholecystectomy can be performed safely in stable patients, including those awaiting a heart transplant. 54, 55 Patients with chronic hemolytic syndromes, including sickle cell anemia, should undergo cholecystectomy for asymptomatic gallstones. Historically, prophylactic cholecystectomy was performed in diabetic patients with asymptomatic gallstones to prevent severe biliary and infectious complications experienced by these patients. However, after adjusting for associated comorbidities (renal, vascular, cardiac disease), diabetes has not been shown to be a significant predictor of gallstone complications. Expectant management of asymptomatic gallstones in diabetic patients is now the treatment of choice. [56] [57] [58] Finally, cholecystectomy should be considered if gallstones are identified during an abdominal operation for an unrelated reason; however, this depends on the type and reason for the operation being performed, the stability of the patient, and multiple other factors. 7, 9 Timing of Cholecystectomy in Acute Gallbladder Disease Biliary Colic Patients with biliary colic should undergo cholecystectomy as soon as possible to avoid the possibility of future gallstone-related complications. 3, 7 A Cochrane review evaluated patients with biliary colic who underwent early (within 24 h of diagnosis) versus delayed laparoscopic cholecystectomy. 25 The mean waiting time between randomization and delayed surgery was 4.2 months. In the waiting period, 23 % of patients in the delayed group were admitted for pancreatitis, empyema of the gallbladder, gallbladder perforation, acute cholecystitis, cholangitis, and obstructive jaundice, while no patients in the early cholecystectomy group experienced a complication. Early laparoscopic cholecystectomy for biliary colic can prevent recurrent emergency department visits and complications. It has also been shown to be associated with a lower rate of conversion to an open procedure, shorter operating time, and shorter postoperative length of stay and is thus the procedure of choice. 7, 25 Acute Cholecystitis After the introduction of laparoscopic cholecystectomy in the late 1980s, the timing of cholecystectomy for acute cholecystitis (Fig. 4) became controversial. Acute inflammation makes cholecystectomy, laparoscopic or open, more difficult. During the early learning curve of laparoscopic cholecystectomy, there was concern that the conversion rates to open cholecystectomy and the incidence of bile duct injuries would be high during the acute phase. Many authors recommended antibiotics and delayed cholecystectomy such that patients would reap the benefits of laparoscopic cholecystectomy, including decreased pain, shorter lengths of stay, earlier return to work, and improved cosmesis. 59, 60 A Cochrane review compared early (within 7 days of presentation) to late (>6 weeks after presentation) laparoscopic cholecystectomy for acute cholecystitis. 24 The review included five randomized, controlled trials with 451 patients. In patients undergoing early cholecystectomy, the relative risk of bile duct injury was 0.64 (95 % confidence interval (CI)00.15-2.65). The total hospital stay, including initial hospitalization and subsequent cholecystectomy or gallstone-related readmissions, was 4 days shorter for the early cholecystectomy group (mean difference0−4.12 days, 95 % CI0−5.22 to −3.03 days). In addition, no differences in postoperative infection, bile duct injury, or conversion to open cholecystectomy have been demonstrated between patients undergoing early versus late cholecystectomy for acute cholecystitis. 24 Cholecystectomy during index admission for acute cholecystitis is associated with decreased in-hospital mortality, long-term mortality, and gallstone-related readmission rates. 7, 28 Patients who do not undergo cholecystectomy during initial hospitalization for acute cholecystitis experience recurrence rates of gallstone complications ranging from 20 to 50 %. 28, [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] In a study of 29,818 Medicare beneficiaries who were urgently or emergently admitted for acute cholecystitis, 25 % of them did not undergo cholecystectomy during the index admission. Lack of definitive therapy was associated with a 27-% subsequent cholecystectomy rate and a 38-% gallstone-related readmission rate in the 2 years after discharge compared to only 4 % in patients undergoing cholecystectomy (p<0.0001). No cholecystectomy on initial hospitalization was associated with worse 2-year survival (HR01.56, 95 % CI 1.47-1.65) even after controlling for patient demographics and comorbidities. Readmissions were costly, with an additional $7,000 in Medicare payments per readmission. 28 Patients fit for surgery should undergo cholecystectomy during the index admission. In those who are poor candidates, the risk of recurrent gallbladder problems must be weighed against the operative risk.
Common Bile Duct Stones and Gallstone Pancreatitis Recurrence of gallstone-related complications after an initial hospitalization for CBD stones ranges from 40 to 50 % for common bile duct stones. 71, 72 Therefore, once clearance of the common bile duct has occurred, cholecystectomy is recommended as soon as possible to avoid recurrence. ERCP/sphincterotomy without cholecystectomy is associated with increased mortality and a high number of readmissions in patients with common bile duct stones and should not be used as a definitive treatment in patients who can tolerate surgery. 7, 31 Current national data show that patients admitted urgently or emergently with CBD stones have 68 % lower odds of undergoing cholecystectomy (OR0 0
28 This is likely because these patients are palliated with ERCP and stone removal. While these measures lower the risk of recurrent CBD stones, they do not eliminate it and do not reduce the risk of other gallstone-related complications such as acute cholecystitis. 23 The International Association of Pancreatology recommends cholecystectomy during the same admission for patients with mild gallstone pancreatitis. 22 The recurrence of gallstone-related problems after an initial episode of gallstone pancreatits is 25-63 % without cholecystectomy. 22, [73] [74] [75] [76] Laparoscopic cholecystectomy can be performed safely in patients with mild gallstone pancreatitis (<3 Ranson criteria), typically after resolution of abdominal pain and normalization of laboratory values. 7 Currently, cholecystectomy rates during the same admission in patients with mild pancreatitis range from 51 to 68 %, 23, 26, 77, 78 with population-based studies demonstrating rates of just over 50 %. 23, 78 Patients who undergo cholecystectomy during index admission for mild gallstone pancreatitis are less likely to require gallstonerelated readmission (44 vs. 4 %, p<0.0001) and have lower 2-year mortality rates compared to patients who do not undergo cholecystectomy. 23 In addition, ERCP reduces, but does not eliminate, readmissions in patients without cholecystectomy, with patients undergoing ERCP having a 47-% lower chance of readmission (OR00.53, 95 % CI00.47-0.61). However, the data also showed that ERCP was less common in the no-cholecystectomy group (34 vs. 28 %, p<0.0001), suggesting that practice patterns rather than clinical condition dictate treatment. 23 For patients with severe pancreatitis, surgery during the same admission is associated with higher morbidity and mortality. 22 Therefore, cholecystectomy in patients with severe gallstone pancreatitis should be delayed for several weeks to allow for resolution of inflammation and organization of peripancreatic fluid collections. Surgical intervention during the acute phase of severe gallstone pancreatitis should be reserved for cases of infected pancreatic necrosis. 13, 22 In patients with mild or severe gallstone pancreatitis who are not candidates for surgery, ERCP with endoscopic sphincterotomy decreases the risk of recurrent pancreatitis and readmission. 22, 23 
Management of CBD Stones
Approximately 10 % of patients who undergo cholecystectomy for symptomatic gallstones have CBD stones (Fig. 5) . 14, [19] [20] [21] Strategies for the management of suspected CBD stones (with or without pancreatitis) include cholecystectomy (laparoscopic or open) with expectant management, preoperative ERCP followed by cholecystectomy, cholecystectomy followed by ERCP, or cholecystectomy with intraoperative cholangiography and CBD exploration. Both ERCP and CBD exploration are safe and equally efficacious in the removal of CBD stones, [79] [80] [81] and the choice of treatment is often based on surgeon and endoscopist expertise within a given practice setting.
ERCP can be used to achieve bile duct clearance prior to laparoscopic cholecystectomy, or after cholecystectomy when common bile duct stones are identified on IOC and not removed by bile duct exploration. The "endoscopy first" method can be performed when there is a high-suspicion of common bile duct stones as ERCP can achieve bile duct clearance in up to 97 % of patients, 14, 82, 83 avoiding the need for a bile duct exploration intraoperatively. However, more than one endoscopic procedure may be required, and the use of preoperative ERCP has been associated with longer total hospital and postoperative stays. 14, 19, 83 Both methods have been shown to be equally efficacious with regard to bile duct clearance. No differences have been shown with regards to perioperative and postoperative morbidity and mortality between the "endoscopy first" and "laparoscopy first" methods for the management of common bile duct stones. 19 Routine preoperative ERCP may result in a high number of unnecessary procedures in patients whose common bile duct stones have passed at the time of endoscopy. 19, 80 Alternatively, if stones are suspected preoperatively, the surgeon can proceed directly to laparoscopic cholecystectomy with planned IOC. When common bile duct stones are identified at the time of cholecystectomy (Fig. 6) , surgeons must choose between postoperative ERCP and CBD exploration. Both are efficacious, with ERCP success rates of over 75 %. 80 However, if ERCP is unsuccessful postoperatively, a second anesthetic and CBD exploration may be necessary. 14, 19 Two analyses have evaluated the cost-effectiveness of various methods of CBD stone management. Both studies concluded that laparoscopic cholecystectomy with IOC (and bile duct exploration if stones are identified) is the superior management option. 20, 21 However, these models fail to take into account local expertise and assume universal surgeon ability with laparoscopic common bile duct exploration and endoscopic stone removal. Postoperative ERCP should be performed when operative bile duct exploration cannot be completed, either due to facility or surgeon limitations. 21 Preoperative ERCP (or ERCP only) is advocated when the predicted operative morbidity or mortality is high, as in the case with high-risk patients, where cholecystectomy may be avoided indefinitely. 14, 20, 31 Recently, the use of intraoperative ERCP has been advocated as an alternative to both preoperative ERCP and operative bile duct exploration. Gurusamy et al., 82 in a large systematic review and meta-analysis, reported no difference with regards to bile duct clearance, operative morbidity, conversion to an open procedure, or operative time between ERCP followed by cholecystectomy and cholecystectomy with intraoperative ERCP. The use of intraoperative ERCP was associated with decreased ERCP-associated complications, total hospital stay, and total hospital costs. 82 However, this method may be limited by difficulty in coordinating endoscopist and surgeon schedules and the supine position of the patient on the operating table. 82, 83 ERCP in Gallstone Pancreatitis ERCP has a sensitivity and specificity greater than 90 % in the detection of gallstones in patients with gallstone pancreatitis, 12 although it has also been demonstrated that the majority of gallstones that cause pancreatitis pass spontaneously prior to ERCP (Fig. 7) . 84 A recent meta-analysis demonstrated no difference in morbidity or mortality between those patients who underwent early ERCP (within 48-72 h of admission) versus conservative management for gallstone pancreatitis, 85 and the use of routine preoperative ERCP for patients with mild gallstone pancreatitis is not recommended. The majority of obstructing stones will pass spontaneously and ERCP should be reserved for patients in whom the LFTs do not return to normal and persistent common bile duct stones are suspected. [84] [85] [86] 22, 23, 42, 74 Patients who undergo ERCP only for gallstone pancreatitis have a higher rate of recurrent pancreatitis and higher rates of gallbladder-related complications compared to patients who undergo cholecystectomy. 74 In these patients, ERCP has been shown to reduce, but not eliminate, gallstone-related readmission rates. 23 
Management of Cholangitis
Ultimately, all patients with acute cholangitis will require biliary drainage and bile duct clearance as definitive management. 37, 87, 88 Biliary drainage can be done electively in patients with mild cholangitis (those who respond to fluid resuscitation and antibiotics), within 24-48 h in patients with moderate cholangitis (those who do not respond to fluid resuscitation and antibiotics but with preserved organ function), and urgently for those with severe cholangitis (associated with organ dysfunction). ERCP with endoscopic drainage is the gold standard for the diagnosis and treatment of acute cholangitis 3, 87 and is preferred over both surgical and percutaneous biliary drainage. 37 If endoscopic drainage is not possible, percutaneous transhepatic biliary drainage is also an option. An internal-external biliary catheter provides decompression and allows access to the biliary tree. If neither is possible, surgical decompression with CBD exploration and stone removal is indicated. If the patient is unstable and stone removal is not possible, T-tube drainage temporizes cholangitis and allows biliary access for eventual stone removal. For large impacted stones where ERCP, percutaneous methods, and/or open exploration are not possible, choledochoduodenostomy or choledochojejunostomy may be necessary.
The Role of Intraoperative Cholangiography in the Prevention of Bile Duct Injury
A recent population-based study demonstrated wide variation in the use of intraoperative cholangiography. 89 IOC use ranged from 2 to 98 % among surgeons and from 4 to 95 % in hospitals in Texas. Uncertainty in the effectiveness of IOC in preventing bile duct injury and the multiple options for identification and removal of CBD stones likely contribute to the variation in use. In addition, over 40 % of the variance in IOC use was due to hospital and surgeon factors, suggesting that surgeon or facility preference and not patient characteristics drive much of this decision. 89 The routine use of IOC during cholecystectomy remains debated and controversial among surgeons. [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] Advocates of routine IOC use characterize it as a system-level intervention that may prevent major bile duct injury, minimize the extent of injury, and protect against medical malpractice claims. 91, 92, 95 Routine users also suggest that it is impossible to predict preoperatively which patients definitely have CBD stones and which are at increased risk of injury, lending support to routine over selective use. 100 Critics of routine use cite the increased operative time and costs associated with IOC, as well as the small risk of complications. Two prospective studies reported that it takes about 15 min to perform an IOC. 101, 102 However, it may take significantly longer at hospitals where fluoroscopy is not readily available, surgeons are not skilled, and it is not routinely done. 103 Little to no level 1 evidence exists regarding the efficacy of IOC in the prevention of bile duct injuries. Previous studies have potential weaknesses. Several populationbased studies using administrative and hospital discharge data from the 1990s have found that odds of common bile duct injury were 50-71 % higher in patients who did not undergo IOC, 91, 92, 104, 105 while studies using more recent data have shown no significant difference. 99, 106 A recent randomized clinical trial in patients with low risk of common bile duct stones showed no statistically significant association between IOC and postoperative morbidity or readmission rate for retained common bile duct stones. 107 Given the low incidence of bile duct injury during cholecystectomy, 91, 92, 108 single-institution studies may be underpowered to demonstrate a difference. However, large-population-based studies are subject to selection bias. For example, rates of injury in cases where IOC is not performed by routine users (surgeons with >75 % IOC rate) have documented approximately a threefold increased risk of bile duct injury. This is mostly likely because the routine users were unable to perform an IOC in the setting of aberrant or obscured anatomy and not because IOC was not attempted, 92 likewise when non-routine users have higher rates of injury when they did perform IOC (because they were unable to define the anatomy or suspected an injury). 91, 92 Cost estimates for performing IOC range from $100 to 700. 102, [109] [110] [111] However, additional costs may be incurred for additional stone removal procedures, many of which may be unnecessary since it is estimated that nearly half of patients with common bile duct stones pass the stones spontaneously within weeks of cholecystectomy. 112 A costeffectiveness analysis of routine IOC for the prevention of bile duct injury reported an additional cost of $87,143 for every bile duct injury prevented. 113 This study likely underestimates the cost as it did not take into account the high falsepositive rates and high rates of identification of asymptomatic CBD stones that would have passed spontaneously, leading to additional and unnecessary procedures. 100, 107, 114, 115 Given the frequency of cholecystectomy in the USA, increased costs per patient equate to considerable costs at the population level. IOC should be performed in cases where the "critical view of safety" is not achieved. 3, 116 The "critical view of safety" was first introduced by Strasberg et al. and requires the complete clearance of Calot's triangle of fat and fibrous tissue, dissection of the neck and body of the gallbladder from the gallbladder fossa, and direct visualization of the entry of the cystic duct and cystic artery into the gallbladder. 116, 117 Future studies evaluating the comparative effectiveness of IOC during cholecystectomy for bile duct injury and CBD stones are necessary to develop clear guidelines.
Advances in Surgical Technique
Cholecystectomy: Laparoscopic or Open?
In a large review of the literature, Gurusamy et al. 7 report an overall perioperative mortality rate after cholecystectomy between 0 and 0.3 %. Complications of cholecystectomy include bile duct injury (0.1-0.3 %), bile leak (0-0.1 %), peritonitis (0.2 %), bleeding (0.1-0.5 %), intra-abdominal abscess (0.1 %), and wound infection. 7 Cholecystectomy can be performed via a laparoscopic or open approach.
Laparoscopic cholecystectomy is performed in over 90 % of elective cholecystectomies and 70 % of emergent cholecystectomies. 30, 118 Laparoscopic cholecystectomy is associated with shorter hospital stays, faster return to work, and lower operative mortality compared to open cholecystectomy. In addition, no difference has been shown in the rates of bile duct injury, bile leak, or other operative complications between the two techniques. 2, 7, 59, 60 Laparoscopic cholecystectomy is associated with an increased risk of bladder, bowel, or vascular injury during trocar insertion. 7 Factors predictive of conversion to open cholecystectomy include male gender, previous abdominal surgery, obesity, gallbladder wall thickening, suspicion of common bile duct stones, jaundice, acute cholecystitis, leukocytosis, and decreased surgeon experience. 34, 118 Skilled laparoscopic surgeons can and should attempt laparoscopic cholecystectomy even in the presence of the above risk factors for conversion to an open procedure. Conversion to open cholecystectomy should be considered early in high-risk patients or in cases where the safety of the patient would be compromised. However, conversion to open cholecystectomy should not be considered a failure in management.
Single-Incision Laparoscopic Cholecystectomy
Single-incision laparoscopic cholecystectomy (SILS) is being increasingly used in an effort to improve postoperative pain and recovery and decrease scarring. During SILS, several trocars are inserted through the umbilicus with a bridge of fascia between trocars. These sites are then united at the end of the procedure to allow for fascial closure. Alternatively, a single port or gelport may be used in the umbilicus to facilitate the insertion and manipulation of the trocars (Fig. 8) . Lack of triangulation and clashing of instruments within the single umbilical port may make visualization difficult or frustrating. 119, 120 A 30°laparoscopic camera should be used. Stay sutures can be passed through the abdominal wall and into the gallbladder to assist in retraction and exposure, and the gallbladder is removed via the umbilicus. [119] [120] [121] [122] [123] [124] An additional port may be required in patients with gallbladder inflammation, adhesions, or bleeding to ensure adequate visualization and safe dissection. 119, 121 Currently, SILS cholecystectomy is being performed in highly selected patients with a BMI of less than 40 kg/m 2 , symptomatic cholelithiasis without complications of gallstones, and classified as American Society of Anesthesiology (ASA) grade I or II. 120, [122] [123] [124] SILS cholecystectomy is typically not attempted in patients with an umbilical hernia or previous upper abdominal surgery. 120, 124 The operating time for SILS cholecystectomy ranges from 35 to 180 min, 120, [122] [123] [124] significantly longer than traditional laparoscopic cholecystectomy and shorter than natural orifice transluminal endoscopic (NOTES) cholecystectomy. 120, 122, 123 However, with increasing surgeon experience, the operating time for SILS cholecystectomy has been shown to decrease. 124 Intraoperative blood loss is similar between SILS and traditional laparoscopic cholecystectomy. 120, 123 Greater than 90 % of attempted SILS cholecystectomies can be performed successfully, with the majority of failed attempts being completed with a fourport laparoscopic cholecystectomy. 120, 122, 124 Yeo et al. report that IOC can be performed successfully in 96 % of patients undergoing SILS cholecystectomy, with 80 % of Fig. 8 Intraoperative photograph of port placement in single-incision laparoscopic cholecystectomy patients with visualized common bile duct stones being managed via a single port. 124 Studies have shown mixed results regarding postoperative pain in patients undergoing SILS cholecystectomy compared to patients undergoing traditional laparoscopic cholecystectomy. 120, 123, 125 There is concern that the larger fascial defect required for SILS cholecystectomy may result in higher rates of incisional hernia and wound complications, including seroma and hematoma. 119, 121, 124 Complications of SILS cholecystectomy occur less often with increasing surgeon experience. 119 Studies with longer follow-up time and those with broader inclusion criteria are needed to further evaluate the safety and efficacy of SILS cholecystectomy in the general population.
Natural Orifice Transluminal Endoscopic Surgery NOTES is being used with increasing frequency for a variety of surgical procedures, and cholecystectomy is currently the most commonly performed NOTES procedure. 121 Various methods have been used to obtain adequate visualization and positioning of the trocars during NOTES cholecystectomy. 121 Most commonly, the endoscope is inserted transvaginally through a colpotomy, which is later closed with absorbable sutures. One or more trocars may be inserted through an umbilical port to help with the dissection, and transabdominal stay sutures may be placed through the gallbladder wall to aid in retraction and exposure of the triangle of Calot. The gallbladder is removed through the vagina. 121, 122 Navarra et al. 122 report that NOTES cholecystectomy should not be performed in women with a history of pelvic inflammatory disease or previous pelvic surgery. Similarly, there is some concern regarding the effect of NOTES on sexual discomfort and future fertility and should be used cautiously in women desiring future pregnancy. 122 The mean operating time for NOTES cholecystectomy is approximately 60 min, 121, 122 although it is likely that operating time will decrease with increasing surgeon experience. Complications are rare with NOTES cholecystectomy and include those of traditional laparoscopic cholecystectomy (bile leak, bleeding, liver or bowel injury), pelvic infection or inflammation, and hernia. 122 Postoperative pain, conversion rates, length of stay, and readmission rates after NOTES cholecystectomy have been reported to be similar to those of SILS cholecystectomy and traditional laparoscopic cholecystectomy. 122 Additional studies are required to evaluate long-term results and further elucidate which patients are candidates for NOTES cholecystectomy.
Common Bile Duct Exploration
Surgical common bile duct exploration should be performed in patients with common bile duct stones in whom a preoperative ERCP is unsuccessful in clearing the bile duct and in those without a preoperative ERCP in whom common bile duct stones are noted on IOC. 3 Laparoscopic common duct exploration is associated with improved survival, lower readmission rates, and shorter hospital stays when compared to open duct exploration. 31 A transcystic approach is recommended in the case of small common duct stones (<6 mm) and a cystic duct greater than 4 mm in diameter. Glucagon flushing (1-2 mg) may result in bile duct clearance, especially in the case of stones less than 2 mm in size. If unsuccessful, a helical basket may be passed through the cystic duct over a guide wire to extract stones under fluoroscopic guidance. If still unsuccessful, a choledochoscope may be employed to directly visualize and extract the stones after dilation of the cystic duct.
3,14 A transductal approach is best in the case of large stones (>6 mm) but may be difficult when the common bile duct is less than 6 mm in diameter. Typically, choledochotomy is performed with or without sphincterotomy, with endoscopic extraction of the stones and flushing of the bile duct. 3, 14 With persistently impacted stones, drainage should be obtained with a straight tube or T tube in order to facilitate the future removal of stones. Conversion to an open procedure may be necessary.
3,14
Conclusion
The majority of patients with gallstones are asymptomatic. When symptoms do arise, appropriate definitive management should be performed. Cholecystectomy, preferably laparoscopic, should be performed early in the course of biliary colic, acute cholecystitis, common bile duct stones, and mild gallstone pancreatitis. Preoperative ERCP with clearance of the bile duct or intraoperative cholangiogram with bile duct exploration should be performed in patients with suspected common bile duct stones. Evidence-based management of patients with gallbladder disease can result in decreased morbidity, mortality, and costs.
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